In the current study, we aimed to investigate the emotion recognition impairment in Huntington's disease (HD) patients and define whether this deficit is caused by impaired scanning patterns of the face. To achieve this goal, we recorded eye movements during a two-alternative forced-choice emotion recognition task. HD patients in pre-symptomatic (n = 16) and symptomatic (n = 9) disease stages were tested and their performance was compared to a control group (n = 22). In our emotion recognition task, participants had to indicate whether a face reflected one of six basic emotions. In addition, and in order to define whether emotion recognition was altered when the participants were forced to look at a specific component of the face, we used a second task where only limited facial information was provided (eyes/mouth in partially masked faces). Behavioral results showed no differences in the ability to recognize emotions between pre-symptomatic gene carriers and controls. However, an emotion recognition deficit was found for all six basic emotion categories in early stage HD. Analysis of eye movement patterns showed that patient and controls used similar scanning strategies. Patterns of deficits were similar regardless of whether parts of the faces were masked or not, thereby confirming that selective attention to particular face parts is not underlying the deficits. These results suggest that the emotion recognition deficits in symptomatic HD patients cannot be explained by impaired scanning patterns of faces. Furthermore, no selective deficit for recognition of disgust was found in pre-symptomatic HD patients.
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INTRODUCTION
Huntington's disease (HD) is a rare neurodegenerative genetic disorder that results in motor deficits such as chorea, rigidity, and abnormal posturing. Although these motor symptoms are the most obvious manifestations of the disease, HD patients also suffer from several cognitive and behavioral abnormalities, including memory and executive impairments, as well as depression, apathy, and other psychiatric manifestations. Motor symptoms are used to define the onset of the disease, although genetic testing allows identification of the carrier state before manifestation of motor symptoms. Sprengelmeyer et al. (1996) showed that HD patients have a reduced ability to recognize emotions in faces, in particular disgust. Additionally, Gray et al. (1997) found that pre-symptomatic HD patients also have a selective deficit for recognition of disgust. Neuroimaging studies have shown a volume reduction in the caudate of the basal ganglia in pre-symptomatic HD patients (Harris et al., 1999; Thieben et al., 2002) , although some studies have indicated some subtle cortical abnormalities as well (Thieben et al., 2002; Gómez-Ansón et al., 2009) . These findings led to the idea that the basal ganglia are specifically involved in recognition of disgust. However, not all studies found support for the selective deficit for recognition of disgust in HD patients (reviewed in Henley et al., 2011) . For example, Milders et al. (2003) demonstrated no emotion recognition deficit in pre-symptomatic HD patients, whereas symptomatic HD patients were impaired in recognizing sadness, anger, disgust, and fear. Furthermore, Johnson et al. (2007) found that pre-symptomatic HD patients were significantly impaired on recognition of all negative emotions.
It remains unclear what is the origin of the emotion recognition deficit that is found in HD patients. Some researchers have shown that emotion recognition is not only impaired in the visual domain, but also in other domains, including auditory perception. Sprengelmeyer et al. (1996) demonstrated that HD patients were not only impaired in recognizing disgust in faces, but also from voices. This suggested a "cross-modal" deficit for disgust recognition (Calder et al., 2000) . However, Sprengelmeyer et al. (2006) found that pre-symptomatic HD patients were impaired on a facial emotion recognition task, but not on the recognition of vocal emotions. Another interesting possibility is that HD patients have a different way of scanning faces, thereby not taking advantage of all the facial information that can be used to identify an emotion. This hypothesis was previously studied in a patient (SM) with damage to the amygdala, who has particular difficulty with recognition of fear in facial expressions (Adolphs et al., 1994) . It was shown that this patient makes very few fixations to the eyes region of a face (Adolphs et al., 2005) . Since the eyes region is particularly important for recognition of fear (Smith et al., 2005) , this abnormal scanning pattern results in a selective deficit for fear recognition. In fact, when this patient was specifically instructed to look at the eyes region, this selective deficit disappeared. In a recent study with the same patient SM, Kennedy and Adolphs (2010) further refined this hypothesis by indicating that the amygdala is not so much involved in scanning the eyes region of a face, but is rather essential for directing gaze to most socially salient parts of the face, which are the eyes. The importance of the amygdala in visual search of facial information and therefore emotion recognition leads to the question whether the emotion recognition impairment in HD patients might also result from the way patients search and use information from a face. This is particularly interesting considering the possible role of the basal ganglia in eye movement control (Shires et al., 2010) and the finding that both pre-symptomatic and early stage HD patients have several oculomotor impairments. More specifically, it was found that HD patients demonstrated a marked delay in the initiation of volitional saccades (Blekher et al., 2004) and slower and more irregular visual scanning patterns when performing cognitive tasks such as the digit symbol subscale (Blekher et al., 2009) . It was concluded that at least part of the deficit that was found on the digit symbol subscale was due to alterations in the visual scanning pattern. In case of recognition of disgust, it could be argued that the deficit that is found in HD patients is also due to impaired scanning of the faces. Since the mouth and nose region of the face are the areas with most information regarding recognition of disgust (Smith et al., 2005) , it might be possible that HD patients do not look as much to this area of the face.
In the current study, we aimed to further investigate the emotion recognition impairment in HD patients and more specifically to understand whether this deficit is caused by impaired scanning patterns of the face. Therefore, we used a forced-choice emotion recognition task, including the six basic emotions. Eye movements were measured to define the number of fixations and total fixation duration to the eyes and mouth region of the face during this task. In a second task, subjects were asked to recognize emotions using only a part of the facial information, either the eyes or the mouth and nose region. This allowed us to understand if differences between patients and controls depend on controlling the face regions the participants were forced to look at. For example, if HD patients have a tendency to ignore information from the mouth region, forcing them to look at that area might improve their performance on an emotion recognition task. Finally, in order to determine if these deficits were already present at the early stages of the disease, where we can find only very specific brain lesions, we included both pre-symptomatic and symptomatic HD patients.
MATERIALS AND METHODS

PARTICIPANTS
We tested 9 symptomatic patients with HD that were in an early stage of the disease, 16 pre-symptomatic HD patients, and 22 healthy control subjects. Patients were seen by an experienced neurologist and diagnosis was confirmed by genetic testing. Mean CAG repeats for the pre-symptomatic and symptomatic HD patients are reported in Table 1 . The three groups were matched for education level (F (2, 44) = 2.1). One-way ANOVA demonstrated an overall difference between the age of the two patient groups and the controls. However, Post hoc analyses indicated no age difference between the controls and pre-symptomatic HD patients and the controls and early stage HD patients. A significant difference was found, as expected, between the pre-symptomatic and symptomatic HD patients. Considering the progressive nature of the disease, this difference was unavoidable. Patient characteristics are shown in Table 1 .
NEUROPSYCHOLOGICAL TESTING
To study overall cognitive functioning of the three groups, we used an extensive neuropsychological test battery. The results of these neuropsychological tests were also published in a recent paper on implicit learning in HD patients (Van Asselen et al., in press ). The 12-item short form of the Raven advanced progressive matrices (Raven et al., 1993) and the vocabulary of the WAIS-III (Wechsler, 1997 (Wechsler, , 2008 were used as an indication of intelligence. Visual perception was tested with the Rey complex figure test (Rey, 1941; Osterrieth, 1944) , the Benton visual retention test (Benton, 1974) , and the Benton visual form discrimination test (Benton et al., 1983) . The Benton facial recognition test (Benton et al. (1983) was included as a standardized test of face recognition. Verbal memory was tested using a Portuguese version of the Rey auditory verbal learning test (Rey, 1964; Cavaco et al., 2008) . To assess working memory and executive functioning we used the trail making test and the digit symbol subtest of the WAIS-III and the Corsi block tapping task (Berch et al., 1998; Kessels et al., 2000) . For the latter task, the product of the total number of correct trials and the length of the largest sequence was calculated (Kessels et al., 2000) . The dementia rating scale-2 (Mattis et al., 2002) and the Beck depression inventory (Beck et al., 1961; portuguese adaptation: Vaz Serra and Pio Abreu, 1973a,b) were used to test for dementia and depression subsequently. Handedness was defined by using a translated version of the Edinburgh handedness inventory (Oldfield, 1971) . Informed consent was obtained according to the declaration of Helsinki and all procedures were approved by our local ethics committee.
FACIAL EXPRESSIONS OF EMOTION: STIMULI AND TEST
The facial expressions of emotion: stimuli and test (FEEST) was used as a standard test of emotion recognition (Young et al., 2002) . This is an emotion recognition task, in which subjects need to indicate the emotion that is displayed in a picture of a face, choosing from the six basic emotions (anger, disgust, fear, happiness, sadness, surprise). The task included 60 trials, 10 trials for each of the six basic emotions. Each image was presented during 5 s. 
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EMOTION RECOGNITION TASK
Material and procedures
Subjects were tested with an emotion recognition task in which the Ekman faces (Young et al., 2002 ) were used. Six task conditions were created, one for each of the following emotions: disgust, fear, happiness, sadness, surprise, and anger (see Figure 1C) . In each task condition 15 images were shown, of which five target images (displaying the emotion that was tested) and 10 distracter images (displaying other emotions). To control for potential confounds related to the relation between targets and distracters, we used 10 different facial identities during each task condition. Since each task condition contained 15 trials, we had to repeat the facial identity in five trials. We randomly defined whether a target or distracter would be repeated. We also made sure that the 10 distracters included two different faces displaying each of the five distracter emotions. The subject was instructed to indicate for each image whether it displayed the target emotion by pressing one of two buttons on a Cedrus response box. Images were presented during 4 s and subjects were instructed to respond after the images had disappeared (see Figure 1A) . Before each image a fixation cross was presented during 500 ms to make sure that subjects were always looking at the same point at the beginning of image presentation. Three different task conditions were created in order to study the role of scanning patterns of faces in the emotion recognition deficit found in HD patients.
1. Complete face condition: complete images of faces were shown, displaying one of the six basic emotions. Performance on this task was used to define emotion recognition impairments for each emotion. It was also used to record eye movements (see below). 2. Eyes-only condition: a part of the facial features was masked, in order to define whether this would change recognition of the displayed emotion. In the eyes-only condition, the mouth and nose of each face were masked (for both targets and distracters) and subjects could only use information from the eyes to define the emotion that was displayed (see Figure 1B) . 3. Mouth-only condition: this condition was the same as the previous, except that now the eyes region was masked (see Figure 1B ).
To further evaluate the scanning pattern to recognize emotions in faces, we recorded eye movements during the first task condition, in which complete faces were used. An iViewX high-speed eye tracker (SMI Neurobehavioral systems) was used. Eye movements were recorded during the 4 s in which the face stimulus was presented.
Data analyses
For each task condition, we calculated the number of correctly recognized trials for each emotion separately. To analyze the eye movement data, we selected for each emotion condition those trials in which the target emotion was displayed. Subsequently, the following oculomotor parameters were calculated: number of fixations and fixation duration. To define fixations, we used the BeGaze software, giving priority to saccade detection. Subsequently, three www.frontiersin.org regions of interests (ROIs) were used, namely the eyes, the nose, and the mouth. For each of the ROIs we calculated the number of fixations and the total fixation duration.
RESULTS
BEHAVIORAL RESULTS NEUROPSYCHOLOGICAL TEST BATTERY
To define whether pre-symptomatic and symptomatic HD patients have cognitive impairments, we compared their performance on a series of neuropsychological tests with healthy control subjects, using separate ANOVAs. We found a significant Group effect for all neuropsychological tasks (all p values < 0.05) that were included, except for the Benton visual form discrimination test [F (2, 44) = 2.8] and the Benton facial recognition test [F (2, 44) = 3.1]. Post hoc analyses indicated that the symptomatic HD patients were impaired on all tasks compared to the control groups (p < 0.05), whereas no significant difference was found between the pre-symptomatic HD patients and the control group on any of the tasks.
BEHAVIORAL DATA: FEEST
Emotion recognition from facial expression was first assessed with the FEEST (Young et al., 2002) . Correct responses (see Figure 2 ) were analyzed using a repeated measures analysis with Emotion (six basic emotions) as within-subject variable and Group (pre-symptomatic and symptomatic HD patients, controls) as between-subjects variable. A significant main effect was found for Group [F (2, 41) = 27.0, p < 0.001]. Post hoc analyses indicated a significant difference between the controls and symptomatic HD patients (p < 0.001), but not between the pre-symptomatic HD patients and controls. These findings go against the idea that pre-symptomatic HD patients have a selective impairment for recognition of disgust. Furthermore, an interaction effect was found between Emotion and Group [F (10, 205) = 3.5, p < 0.001]. Separate independent-sample t -tests including the symptomatic HD patients and controls indicated a significant difference for all emotions (all ps < 0.005), except happiness and surprise. These results confirm the findings of Milders et al. (2003) , who used the same task.
BEHAVIORAL DATA OF THE TWO-ALTERNATIVE FORCED-CHOICE EMOTION RECOGNITION TASKS
The number of correctly identified faces (see Figure 3) were analyzed using a repeated measures analyses, including the betweensubject variable Group (pre-symptomatic and symptomatic HD patients, controls) and the within-subject variables Emotion (six basic emotions) and task condition (complete face condition, eyes-only condition, mouth-only condition). A significant main effect for Group was found [F (2, 44) = 12.0, p < 0.001]. Post hoc analyses revealed that symptomatic HD patients performed significantly worse than the control group (p < 0.001), but not the pre-symptomatic HD gene carriers. An overall interaction effect was found for Emotion × Group [F (10, 220) = 2.1, p < 0.05].
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Separate ANOVAs were performed for each emotion, indicating that the symptomatic HD patients performed worse than controls
FIGURE 2 | Number of correct answers on the FEEST (SE), separated for Group and as a function of Emotion.
on all emotions. As can be seen in Figure 4 the interaction effect for Emotion × Group reflects a smaller impairment for the emotion happiness than for the other emotions. No significant interaction for Group × ROI × Emotion or for Group × ROI was found, which means that masking part of the face did not affect the performance of the three groups differently.
EYE MOVEMENTS
Eye movement data could not be recorded for three presymptomatic HD patients and for two symptomatic HD patients.
To define whether pre-symptomatic or symptomatic HD patients have a different way of looking at the eyes, mouth, or nose, we performed a repeated measures analyses, using ROI (eyes, mouth, nose) as within-subject variable and Group (pre-symptomatic, symptomatic HD patients and controls) as between-subject variable. When fixation duration (see Table 2 ) was used as dependent measure, we found a significant main effect for ROI [F (2, 76 
FIGURE 4 | Results of the forced-choice emotion recognition task. (A)
Number of correct responses (SE) separated for the three groups and the six emotions; (B) Number of correct responses (SE) separated for the three groups and the three task conditions.
CORRELATION ANALYSES WITH CAG REPEATS
CAG repeats were correlated with the results of the neuropsychological and emotion recognition tasks, using a two-tailed Pearson correlation. Considering the number of correlations, we used a Bonferroni correction to define statistical significance. We did not find a significant correlation between the CAG repeats on any of the dependent variables for both the pre-symptomatic and symptomatic HD patients, nor when the two groups were taken together.
CORRELATION ANALYSES WITH AGE
To define the effect of age on emotion recognition performance, we performed a two-tailed correlation analyses between performance on the emotion recognition tasks and age. Considering the number of correlations, we used Bonferroni correction to define statistical significance. No correlation between the different task conditions and age was found for the controls, the pre-symptomatic or symptomatic HD group.
CORRELATION ANALYSES WITH NEUROPSYCHOLOGICAL TESTS
A two-tailed Pearson correlation was performed between the overall performance on the emotion recognition tests (mean performance on the complete face task condition, eyes-only task condition, and mouth-only task condition) and the neuropsychological tests. A Bonferroni correction was applied. No significant correlation was found for any of the groups on any of the neuropsychological tasks. This suggests that the emotion recognition deficit is not due to an overall cognitive impairment.
DISCUSSION
The aim of the current study was to investigate the emotion recognition deficit in pre-symptomatic and symptomatic HD patients and to define its underlying mechanism by studying the scanning pattern of faces. Previous studies showed that pre-symptomatic HD patients have a selective deficit in recognition of disgust, whereas recognition of other emotions is unimpaired (Sprengelmeyer et al., 1996; Gray et al., 1997; Hennenlotter et al., 2004) . The results of our study could not support this selective deficit. We found that pre-symptomatic HD patients were performing at a normal level on both our two-alternative forced-choice emotion recognition task and the FEEST (Young et al., 2002) , which is a test that has often been used to assess emotion recognition in HD. Although several studies have indicated a selective impairment in the recognition of disgust (Sprengelmeyer et al., 1996; Gray et al., 1997; Hennenlotter et al., 2004) , this was not supported by all studies (reviewed in Henley et al., 2011 ). Milders et al. (2003 demonstrated no emotion recognition deficit in pre-symptomatic Frontiers in Psychology | Emotion Science HD patients, whereas symptomatic HD patients were impaired in recognizing sadness, anger, disgust, and fear. Furthermore, Johnson et al. (2007) found that pre-symptomatic HD patients were significantly impaired on recognition of all negative emotions. Together, these results go against the idea that the basal ganglia, which are affected in pre-symptomatic HD participants, are specifically involved in recognition of disgust. In contrast, in symptomatic HD patients we found impaired recognition for all emotions when using the two-alternative forced-choice emotion recognition task and on recognition of most emotions when using the FEEST (Young et al., 2002) . The results of these tests are in line with previous studies that demonstrated that symptomatic HD patients have an overall emotion recognition impairment affecting most, if not all, emotions (see review Henley et al., 2011) . It should be noted that the symptomatic HD patients were also impaired on most of the cognitive tasks that were included in this study. However, since no correlation was found between the performance on the emotion recognition tasks and the cognitive tasks included in the neuropsychological test battery, we can conclude that the emotion recognition deficit is not due to an overall cognitive deficit.
It remains unclear what factors cause the variability in recognition impairment found between the different studies in HD patients. As suggested by Henley et al. (2011) , disease variability (e.g., CAG repeat length, disease stage, disease severity) seems to be the most influential factor. In the current study we found that disease stage indeed has a large impact on emotion recognition. That is, whereas pre-symptomatic HD patients were not impaired on any of the emotion recognition tasks, the symptomatic HD patients were impaired on most of the emotion recognition tasks. This indicates that, as the disease progresses, the emotion recognition impairment becomes more pronounced. However, we did not find a correlation between the CAG extension that was defined for each subject and the results of the neuropsychological and emotion recognition tasks. It should be noted, though, that we have included a relatively small group of patients and the range of CAG repeats within these groups is relatively small. Significant correlations with the number of CAG repeats might be found in larger groups of patients with a wider variation in the number of CAG repeats. Another possibility is that the outcome of the various studies on emotion recognition in HD patients is caused by differences in tasks conditions. However, as can be seen in the review of Henley et al. (2011) , several studies using the same tasks in different groups of patients have led to different outcomes. In our study we use both a two-alternative forced-choice emotion recognition task and the FEEST, which is a task that has often been used when studying emotion recognition in HD patients. Results of both tasks are largely the same, suggesting that the task that is used does not explain the variability between studies. Finally, we found that age was not associated with performance on the emotion recognition task. Although age can be an indication of the progress of the disease (older people are more likely to be symptomatic than young people), it might also be true that the neuropathology that is found in younger symptomatic HD patients is different from older symptomatic HD patients. To understand which factors define the variability found in emotion recognition impairments in HD patients, a longitudinal study should be performed in which all these factors (number of CAG repeats, disease stage, disease severity, age at onset, task) are well controlled.
To define whether the emotion recognition deficit in symptomatic HD patients is due to impaired visual scanning of faces, we looked at the eye movement patterns during an emotion recognition task. We found that both the pre-symptomatic and symptomatic HD patients spend as much time fixating the eyes, nose, and mouth region as the control subjects do. They also make the same number of fixations to these areas. This indicates that the two patient groups make the same scanning pattern of the different features of a face. These results were confirmed by our second task in which we assessed if performance on the emotion recognition task was altered by showing only part of the facial information. We found that the emotion recognition performance of pre-symptomatic and symptomatic HD patients were similar regardless of whether parts of the faces were deleted or not. These observations suggest that selective scanning of particular face parts does not explain the emotion recognition deficits. These results are in contrast with a recent study in which Blekher et al. (2009) showed that a cognitive impairment in HD patients could partly be explained by a deficit in visual scanning. The fact that we could not replicate this finding using a different cognitive task suggests that the role of oculomotor and visual scanning deficits in cognitive impairments is task dependent. For example, whereas our emotion recognition task requires passive viewing, the digit symbol subscale requires subjects to actively compare digits and symbols and fill in the missing symbols accordingly. The latter task might therefore be more sensitive for the effects of oculomotor deficits. Future studies should be done to further understand the factors that define the role of oculomotor and visual scanning deficits in cognitive impairments found in HD patients. It should be noted that low power might be a concern regarding some trends related to differences in scanning pattern between groups. However this is an unlikely possibility because if there would be a disease related effect, then there should be an order effect (HD < PreHD < Controls). However, this is not what we found (HD < Controls < PreHD, with all non-significant trends of similar size).
If the emotion recognition deficit that is found in HD patients is not the result of a different scanning pattern of the face, it is more likely the result of higher order processing impairments. These conclusions are in line with recent studies, showing that recognition of disgust is not only impaired in the visual domain, but also in other domains, including auditory perception (Sprengelmeyer et al., 1996; Calder et al., 2010) . Furthermore, by studying the effect of contextual information in facial emotion recognition, Aviezer et al. (2009) demonstrated that the HD emotion recognition deficit is not so much due to a low-level perceptual deficit or processing of the general facial configuration, but rather due to impaired explicit recognition of facial expressions. Together, these studies suggest a "cross-modal" emotion recognition deficit (Calder et al., 2010) . Apparently, the mechanism underlying the emotion recognition deficit in HD patients is different from the mechanism found in patients with amygdala damage (Adolphs et al., 2005; Kennedy and Adolphs, 2010) , who seem to have reduced allocation of attention to the eyes region of the face and therefore have difficulty in recognizing fear.
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Together, the current study reveals two important findings. First, although symptomatic HD patients showed impaired face emotion recognition, we did not find a selective deficit for recognition of disgust in pre-symptomatic HD patients. In fact, presymptomatic HD patients were not impaired on recognition of any of the emotions. Second, we found that both pre-symptomatic and symptomatic HD patients have a normal scanning pattern of the different regions of interest of a face. Thus, the emotion recognition deficit that is found in symptomatic HD patients is not caused by a different scanning pattern of faces. We conclude that there is a general high level emotion recognition deficit that is not explained by impaired scanning pattern of faces in HD.
